The single-step contribution to nuclear inelastic scattering is analyzed in the independent particle model. We derive simple formulas for the single-step total cross section and the response function, which are the two major ingredients in the theory. This description accounts for most of the cross section below an excitation energy of 40 MeV, seen in proton induced reactions at 200 and 800 MeV.
I. INTRODUCTION
Inelastic scattering reactions are particularly interesting at forward angles because the low momentum transfer probes the collective response of nuclei to external fields. However, the collective cross section is obscured by a background which we would like to understand better. One question is whether this background arises primarily from single or multiple collisions. In this work we will examine the single step contribution to the cross section. We consider the regime of excitation energies below 40 MeV in proton-induced reactions with proton energy greater than 200 MeV, and we will show that the single step contribution accounts for most of the cross section at momentum transfers larger than 0.5 fm '. The inclusive inelastic scattering has been previously studied by Chiang and Hiifner. ' Our approach is similar in spirit to this work.
The theory of the cross section will be based on the distorted-wave impulse approximation which allows the nucleon-nucleon cross section to be factorized from the nuclear response. We express the cross section in the form d 0 do dQdE dQ N, gS (q"E) .
Here do/d0~z iv is the nucleon-nucleon cross section at the same laboratory energy and angle. The second factor in this equation, N,ff, is the effective number of target particles which will be discussed in Sec. II. The nuclear response to the projectile scattering probe is S(q,E). This is defined by g&gt I &, le) Ii(Ef S(q,E) = (1.2) where 6'q is the projectile scattering operator, and f; and Pf are occupied and unoccupied singleparticle states. Note that in the limit that d'e~l b; ) orthogonal to all the~l b; ) (no Pauli blocking), S satisfies I dES(q, E)=l .
We discuss the theory of S(q, E) in Secs. III and IV. In Sec. III we review the Fermi gas model for the response, which is used in Ref. 
where again we have neglected the nonexponential b dependence by replacing b by an average value b0. The parameter b0 is roughly given by the condition X(bp) =1. Note that the dominant term in 0'" depends mainly on the nuclear geometry and only weakly on the nucleon-nucleon cross section.
In Table I 3' Fig. 1 , and it is reasonable to treat the absorption as a cutoff on the operator in the z direction. We take the scattering operator to be 8'(q, r) =e'~'/( I+e ' ')' (4.2) This satisfies the condition that the contribution to the scattering vanishes in the interior. The parameters zp and ap can be determined by requiring that do'"Idb =2irbX(b)e '"', discussed in Sec. II, and (q, r) '~p (r) are proportional in the surface region.
The projectile is assumed to travel along the surface when it interacts via a single-step collision.
The region of the nucleus that is important is a ring in the equatorial plane perpendicular to the beam axis. The angle P between the surface and the momentum transfer is just the azimuthal angle at which the projectile strikes the nucleus, and can have any value. We add contributions to the response for different angles P incoherently,
Momentum is conserved in the perpendicular direction, and this eliminates two of the integrals, say k"' and k». The k, ' integration is evaluated with the energy-conserving 5 function. Nothing in the integrand depends on k", so this integral can be evaluated from the limits imposed by the Fermi sphere. We thereby obtain the following expression for the normalized response function In the analytic solution only the scattering to continuum states has been considered, and it should therefore be compared with curve I to which it indeed gives a fair approximation. In the analytic solution the blocking factor is calculated from Eq. (4.15) using C =1.7 fm .
The predictions following from the Fermi gas model are also given in Fig. 3 MeV (p, n) cross section, the effective number of nucleons is about a factor of 2 larger than for 800 MeV protons (see Table I ). (p, n) reaction. In will be overpredicted (see Fig. 6 ). The semi-infinite slab cross section can be divided into two parts, depending on whether the nucleon is bound or free in the z direction. We found that most of the strength comes from the z-bound wave functions. In a spherical geometry, the zbound wave functions correspond to orbitals that are below the centrifugal barrier. It is these centrifugally confined orbits that give the major contribution to the collective state response, e.g. , the giant quadrupole. We should therefore be cautious in comparing our continuum cross section with the experimental "background" cross section.
On the experimental side, the prediction that most of the strength goes to centrifugally confined excitations can be tested by looking for direct knockout, e.g. , (p, 2p) . This should be weak for excitation energies & 35 MeV.
